Introduction
Injection of high energy beams of neutral hydrogen atoms for plasma heating in Tokamak fusion devices has been very successful. To produce such neutral beams hydrogen ions of either polarity have to be created, accelerated and neutralized.1 Because of the much higher neutralization efficiency of H-ions with almost no dependence on beam energy,2 negative ion based systems are preferred for energies above 150 keV. There are basically two approaches: negative ions are either extracted directly from a source or produced by double electron capture from positive ions at a low energy (0.5-10 keV). A schematic comparison of these two approaches is shown on Fig. 1 .
of a dense plasma with cesium vapor covered electrodes.
Several models have been constructed and tested. The BNL MK III magnetron with the cesium compound in the cathode cavity (Fig. 2) is still the most intense and efficient one among the surface plasma (S.P.) sources (see Table I ). (Table I) due to smaller dimensions of presently operating source. It seems that a Penning source with a separate emitting electrode opposite to extraction slits may improve the performance by a factor of 2.
EXTRACTOR`] 0 , V"' A larger BNL MK IV source has been constructed and is being tested (Fig. 4) . A 50 ms long pulse has been -achieved. This source can be operated in either magnetron or Penning mode. Besides having a larger cathode surface for H production and an independently heated cesium chamber, this source design also incorporates cooling passages in the cathode body. An enhanced heat removal from the cathode will allow longer pulses and higher discharge power densities.
A modification of the NK IV source, a jet source, is also being studied. In this configuration (Fig. 5 ) the gas inlet of the source has the form of rearwardaiming jets. A pumping port at the back of the source ZT::
Jet Source.
helps to remove the neutral gas flow. With the help of the directivity of the gas jet, the evacuation of gas through the back of the source is expected to greatly reduce the gas load along the beam line. The H ions will still be extracted by the high extraction potential from the front of the source. The jet source is now being tested on a new test stand, but without the discharge.
The future source development at BNL will be concentrated on the scaling up of either the magnetron or Penning source to the multiampere dc range. Parallel to this effort, a study is underway on how to stack several sources in order to reach the higher beam currents.
Extraction. Acceleration and Neutralization
A one ampere H-beam extracted from the BNL MK III magnetron source and accelerated to 120 kV in our close coupled, single gap accelerator system (Fig. 6) In a preliminary low beam current transport experiment with a 3" diameter magnetic quadrupole doublet (Fig. 6) , a 150 mA negative ion beam was focused on a Faraday cup mounted 75 cm downstream. This focused beam was limited by the acceptance of the quadrupoles, which was located 20 cm from the single aperture accelerator. Nevertheless, the quadrupoles, acting as a mass filter, did confirm that less than 15% of the beam was composed of electrons.
A new neutral beam system (Fig. 7) 
